CLAIMS 

What is claimed is : 

y 1 . A multi-chip module, comprising: 

a substrate having a first side and a second side and at least two elongate through-slots 
extending from the first side to the second side thereof, said through-slots having 
a length and width; / 

electrical conductors formed on said first spe and second side of said substrate, said 
electrical conductors having connection terminals adjacent said at least two 
through-slots for bonding portion^ of wires to bond pads exposed through said at 
least two through-slots; I 

electrical input/output connectors for connecting said electrical conductors to an external 
circuit; / 

a first semiconductor die having an Active surface with a plurality of bond pads thereon, 
and a reverse surface, a poaion of said active surface bonded to said first side of 

said-substrate r aUeast-on^of4he~plurality-of-conductive-bondpad 

surface of the semiconductor die exposed through a through-slot in said substrate 
for bonding a portion of a wire to at least one conductor on said second side of 
said substrate; / 

a second semiconductor die naving an active surface with a plurality of bond pads 

thereon, and a reverse surface, a portion of said active surface bonded to said first 
side of said substrate, at least one bond pad of the plurality of bond pads thereon 
exposed through A through-slot in said substrate for wire-bonding to at least one 
conductor on sa/d first side of said substrate; and 

at least two conductive wires connecting at least two of said bond pads on said first 
semiconductor die and said second semiconductor die to at least two of said 
connection terminals, one of said at least two connection terminals located on the 
first side oysaid substrate and the other of said at least two connection terminals 
located ory the second side of said substrate, said first semiconductor die and said 
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second semiconductor die positioned wherein a conductive wire connected thereto 
extends through a through-slot in said substrate. 

2. The multi-dup moduk.of claim 1, further comprising glob-top sealant 
filling said at least tvvo A tnrough-3fots in said substrate. 

A 

3. The multi-d^p-^io<Lle of claim 1 , further comprising a layer of polymeric 
sealant encapsulating a nortion of s^d module. 

4. The multi-chip modulAof claim 1, wherein said first semiconductor die 
and said second semiconductor die aremttached to said substrate at two different planes. 


5. The multi-chip module of clakh 1, wherein said electrical conductors on 
said first side of said substrate have connexion terminals adjacent one through- slot in 
saidsubstratefor wire=bonding-to-bond-/ads-onsaid*first-semiconductor"die"attached"to 
said second side, and said electrical conductors on said second side of said substrate have 
connection terminals adjacent another through-slot for wire-bonding to bond pads on said 
second semiconductor die attaches to said first side of said substrate. 


6. The multi-chip mopule of claim 1, wherein said electrical conductors 
comprise metallization pajtsms oi^ said first and second sides of said substrate. 

7. The ri^ti-chi£jnt5SUe of claim 1, further comprising: 
conductive vias through said substrate <aad connectin^^c^ic^conductors on the first 

side and the second side of said substrate. 



sa^ 


8. The multi-chip module of claim 1, wherein said electrical connectors 
comprise a ball-grid-array of solder balls on one side of said substrate. 
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9. The multi-chip irodule of claim 1, wherein said electrical^connectors 
comprise an edge connector. 1 V 

10. The m^fi-chip mobile of claim 1, wherein said electricaJ^connectors 
comprise a socket connector. 


11. A multi-chip module, comprising: 
a substrate having a first side, a second side, yand a plurality of elongate through-slots 

extending from the first side to the /econd side thereof, said through-slots having 
a length and width; 

electrical conductors formed on said first side and second side of said substrate and 

having connection terminals adjacent said through-slots for wire-bonding to bond 
pads exposed through said thrpugh-slots; 

electrical input/output connectors fq/r connecting said electrical conductors to an external 

circuit; 


a plurality of semiconductor dice/ each semiconductor die of said plurality of 

semiconductor dice havipg an active surface having a plurality of bond pads 
thereon and a reverse sorface, a plurality of said active surface bonded to said first 
side of said substrate/the bond pads of each semiconductor die exposed through a 
through-slot of saidplurality of through-slots to said second side of said substrate 
for wire-bonding td conductors on said second side, at least one semiconductor 
die of said plurality of semiconductor dice attached to said second side of said 
substrate, the bdnd pads of said at least one semiconductor die of said plurality of 
semiconductor dice exposed through a through-slot to said first side of said 
substrate for Adre-bonding to conductors on said first side of said substrate; and 

conductive wires connecting said bond pads of said plurality of said semiconductor dice 
to said connection terminals, each said semiconductor die of said plurality of 
semiconductor dice positioned having conductive wires connected thereto extend 
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through a through-slot in z space between adjacent spaced dice on the opposite 
side of said substrate thereto. 


5 covering 


?f claim 1 1, further comprising glob-top sealant 


1 2. ^*~P^ multi-chip m °^& S>f °1 > -—r-^y^*- 

ing saio boncf pad/ ^^ond^ti /e wires within said^rou; 


10 


13. The.multi-chip modul( 


14. The 



wires within said'tKrougn-sljots. q 

A 


of claim 12 5 wherein said glob-top sealant fills said 

cti<UL> 



20 


_ i ^f claim 11, further comprising a layer of 

polymeric sealant encapsulating sai 

15. The multi-chip module of claim 1 1, wherein sai^dice jj|re*attached in a bi- 
planar configuration on said substrate. 1 

16. The multi-chip module of^faim 1 1, wherein said electrical conductors on 
said first side of said substrate have^mnection terminals adjacent alternate through-slots 
for wire-bonding to bond pad^<5n semiconductor die of said plurality of semiconductor 
dice attached to said secprfd side of said substrate, and said electrical conductors on said 
second side have cpifiiection terminals adjacent other through-slots for wire-bonding to 
bond pads oij^miconductor die of said plurality of semiconductor dice attached to said 
first side 


1 7. The multi-chip modulelof claim 1 1 , wherein said electrical conductors 
25 ()[/ comprise metallization pajt^ison sai^ first side an^^oi^side of said substrate. 

A 

1 8. The mult>ShipTTT63ule of claim 1 1 , further comprising conductive vias 
fyy . through said substrate «a»d»connecting electrical conductors on opposite sides of said 

substrate. 
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I 19. The multi-chip module of claim 11, wherein said electrical connection 
means comprises a ball-grid-an^y of solder balls on one side of said substrate, in the 
periphery thereof about said attached dice. 

20. The multi-chip Viodule of claim 11, wherein said electrice^cOnnectors 
comprise an edge connector. 1 

21 . The multi-chip module of claim 1 1 , wherein said electrical^connectors 
comprise a socket connect — 



22. The mmti-chip^lfodule of claim 1 1 , wherein the number of said plurality 
of semiconductor dice mounted on said second side of said substrate differs by one from 

\ 

the number of said plurality of semiconductor dice mounted on said first side of said 
substrate. 


23. The multi-chip module oflclaim 1 1, wh 
slcfl^exceeds 1^ length of said^i^p^J^on jfsemi^or 


23. ^The multi-chip module oqcl^im 11, wherein the length of said through- 

onductor die of said plurality of 


a. ° A 

semiconductor dice. 


24. The multi-chip module of claim 11, wherein said through-sloyias uniform 
dimensions between said first side and said second side of said substrate. 


11, wherein said through-slotm 


25. The multi-chip module of claim 11, wherein the width of a through-slot of 
said plurality of through-slots is greater at one of said first and second sides of said 
substrate. 


26. The multi-chip module of clain^25, wherein the width of a through-slot of 
said plurality of through-slots is configured to provide a step intermediate said first side 
and said second side of said substrate. 
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the electrical condi 



: e positioned on said step. 


28. The multi-chip module of claim 25, wherein said through-slot is beveled 
between said first side and second^side of said substrate. 


a 
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-Plurality *P 

id bond pads of a ( 


29. The multi-chip modjile of claim 11, wherein said L 

1 ^ 

semiconductor die of said plurality pf semiconductor dice are positioned along a center 

line of said active surface/^^^ ' 

A 

30. The multi^hip module of claim 1 1, wherein at least two semiconductor 
<Seofsaid plurality m semiconductor dice attached to said first side of said substrate lie 


in a first plane am 
attached to said se 



rtffsaid s 


least two semiconductor mro^said plurality of semiconductor, dice 


ibstrate lie in a second plane. 


i 


Themulti-chip~module|of"claim~l"l 


i a second plane. / ♦ 


memory device wherein a majority of said plurality of semiconductor dice have internal 
circuits. 


32. A method for forming a high density multi-^hip module, comprising the 


20 ^ 7 steps of: 

providing a plurality of integrated circuit semiconductor dice, each semiconductor die 
having an active surface having a plurality pf bond pads thereon; 

forming a substrate with opposing first and second sides, at least three elongate through- 
slots extending from said first side to said second side, each said through-slot 
25 configured for opposite side access ifetween attached semiconductor die of said 

plurality of semiconductor dice tor the bond pads of a semiconductor die of said 
plurality of semiconductor dicp bonded to said substrate; 

forming a pattern of a plurality of electrical conductors associated with said substrate, at 
least one electrical conductor of said plurality of electrical conductors having a 
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connection terminal adjacent a through-slot of s§ifl at least three through-slots for 
connecting said bond pads of a semiconductc^r lie of said plurality of 
semiconductor dice to an input/output cor 
forming an input/output connector on said sujastrate and connecting said input/output 

connector to said electrical conductors; 
attaching the active surfaces of a plurality of said semiconductor dice to a first side of said 
substrate wherein the bond^ads thereof are aligned with alternate through-slots 
for access from the second side of said substrate; 
attaching the active surfacjz^of at least one semiconductor die of said plurality of 

semiconductor/nce to said second side of said substrate, the bond pads of said at 
least one semiconductor die aligned with other alternate through-slots for access 
from th^ first side of said substrate; and 
wire-bonding said bond pads of each attached semiconductor die of said plurality of 

semiconductor dice to connection terminals adjacent the corresponding through- 
r ~sTot: : 


33. The method! of claim 32, wherein tho stop of -forming through-slots 

\ l5 

comprises forming an elongate stepped surface in said through-slot. 


34. The method of claim 33, v^ferein the step of forming a pattern of electrical 

l terminals on sai^^pe^urface. 


conductors includes forming conductive^ connection 


25 


35. The method of claim 32, further comprising the step of: 
inserting a flowable hardenable gfob-top material into each said through-slot to 
encapsulate the-wires ftiere in. 


fa*. 


36. The method of claim 35, wherein a hardenable polymeric material is 
inserted intoJsaidUirough-slot. 
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37. The method of claim 35, wherein said glob-top material is inserted to 
extend outwardly between the edges of at least two semiconductor die of said plurality of 
semiconductor dice proximate each side of said through-slot. 


38. The method of claim 32, furthdr comprising the step of: 
performing electrical testing of said plurality of semiconductor dice following wire- 
bonding thereof and prior to wire>encapsulation. 


39. The method of claim 30^ comprising the further step of: 
encapsulating said^cewi^a 

A 


Ssealant. 


I L 
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40. The, method of claim 32, wnetein ihp step of forming a pattern of electrical 
conductorsf^saf^su^ fon^iyg ^conductor pattern on each of said first 

side and^econctside of said substrate. 



4 1 . The method of claim 40, fyfther comprising the step of: 
connecting said two conductor patterns &ith conductive vias through said substrate. 


/ # / 42. The method of claim 4 1 , wWein the step of forming an input/output 
20 connector comprises forming one of a baLl^grid-array and a pin-grid-array on one of said 

sides in a peripheral area surrounding §^id plurality of semiconductor dice. 


43. The method of claim^^/wherein the step of forming an input/output 
connector comprises forming a socKpj/ connector on an edge of said substrate. 


¥^1 


I 44. A method for forming a jngh density multi-chip module, comprising the 
steps of: 

providing a plurality of integratedxircuit dice, each die having an active surface with a 
row of conductive bona pads; 
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forming a planar substrate with opposing first and seconof sides, at least three elongate 

through-slots extending from said first side to said second side, each said through- 
slot configured for opposite side access betwjren attached dies to the conductive 
bond pads of a die bonded to said substrate/ 

forming a pattern of electrical conductors associated with said substrate and having 
connection terminals adjacent each saicMhrough-slot for connecting said bond 
pads to an input/output connection mefans; 

forming an input/output connector on said substrate and connecting said input/output 
connector to said electrical condu/tors from said bond pads; 

attaching the active surfaces of a plurality of said dice to a first side of said substrate 

wherein the bond pads thereof are aligned with alternate through-slots for access 
from the second side; 

attaching the active surface of at L6ast one of said dice to said second side of said 

substrate wherein the bond pads thereof are aligned with other alternate through- 


slots for access from ttfeTirst side; and 
wire-bonding said bond pads of each attached die to connection terminals adjacent the 
corresponding thrq/ugh-slot. 


45. The method of claim 44, wherein tho fltop -e f forming through-slots 
comprises forming an elongE^e stepped surface ii^i ^^rough-slot. 


i 44; v 
A 

conductors includes forming conductive connection terminals on said stepped surface. 


46. The method of claim 44; wherein th^step of forming a pattern of electrical 

A 


47. The method of claim 44, further comprising the step of inserting a 
flowable hardenable glob-top material into/ach said through-slot to encapsulate 4h^ wires 
therein. 
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48. Thamethod of claim 47, wherein a hardenable polymeric material is 
inserted into saidtn^ough-slot. 

A 

49. The method of claim 47, wherein said glob-top material is inserted to 
extend outwardly betwe\^he edges of dice proximate each side o^^^(^o^i-s\oX. 



10 


50. The method of claim 44, further comprispfg the step of: 
performing electrical testing of said dice following vyire-bonding thereof and prior to wire 

encapsulation. 

51 . The method of claim 44, comprising the fefeefr step of: 

A' / 

encapsulating said dice with a polymeric sealant. 
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52. The method of claim 44, wherein the step of forming a pattern of electrical 
-conductors-on-said-substratexommses-fc 
and second sides. 9 T / ^ 


53. The method pf claim 52, further comprising the step of: 
connecting said two conductor patterns with conductive vias through said substrate. 



54. The method of claim 4^, wherein the step .of forming an input/output 
connector comprises forming one a ball-grid-array and a pin-grid-array on one of said 
sides in a peripheral area surrouiraing said dice. 


25 55. The method of claim 44^vhofein the step of forming an input/output 

connector comprises forming a socket connector on an edge of said substrate. 
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